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(54) VOLTAGE-DIVIDER CIRCUITS AND CIRCUITRY

(57) A voltage-divider circuit, comprising: a network
of discrete resistors connected together to define T tiers
of resistors, where T≥2, the T tiers comprising first and
subsequent tiers, each subsequent tier nested within the
preceding tier, the Xth tier comprising at least one Xth-tier
resistor where X=1, and the Xth tier comprising at least
two Xth-tier resistors for each value of X in the range
2≤X≤T, wherein, for each value of X in the range 1≤X<T,:
each Xth-tier resistor is connected between a pair of
nodes of the voltage-divider circuit at which a relatively

high voltage signal and a relatively low voltage signal are
provided, respectively; at least one Xth-tier resistor is im-
plemented as a subdivision network of discrete resistors;
and for each Xth-tier resistor implemented as a subdivi-
sion network, that subdivision network comprises a main
resistor connected in series with a corresponding auxil-
iary resistor, that main resistor implemented as a base
resistor connected in parallel with a series connection of
a plurality of X+1th-tier resistors.
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Description

[0001] The present invention relates to voltage-divider
circuits and voltage-divider circuitry comprising one or
more such voltage-divider circuits.
[0002] Voltage divider circuits (or voltage dividers)
perse are well known in electronics as being passive cir-
cuits that are configured to provide an output voltage that
is an intended fraction of an input voltage. The input volt-
age is distributed across components of the divider, lead-
ing to the concept of voltage division. For example, a
voltage divider may comprise two resistors connected in
series, with the input voltage applied across the series-
connected resistor pair and the output voltage being pro-
duced across one of those resistors.
[0003] For simplicity, voltages in respect of such a volt-
age divider may be referred to as voltages at a given
circuit node, this taken to mean a voltage level at that
node relative to a given reference voltage (such as
ground). In the above example voltage divider comprising
two resistors connected in series, the series connection
may be considered to be between ground and the input
voltage, with the output voltage being produced or
"tapped" from the connection (i.e. node) between the re-
sistors.
[0004] Resistor voltage dividers are commonly used
to create reference voltages (other uses include reducing
the magnitude of a voltage so it can be measured and
signal attenuation at low frequencies). For DC and rela-
tively low frequencies, a voltage divider may be sufficient-
ly accurate if made only of resistors. Where frequency
response over a wide frequency range is required (such
as in mixed-signal circuitry, e.g. digital-to-analogue and
analogue-to-digital converters), a voltage divider may
have capacitive elements added.
[0005] By way of example, Figure 1 presents a sche-
matic diagram of a previously-considered voltage-divider
circuit 1A (ignore circuits 1B and 1C for now). The volt-
age-divider circuit 1A comprises N resistors, R1 to RN,
connected together in series to form a linear resistor lad-
der. The voltage-divider circuit 1A is shown in Figure 1
in reduced form so that not all N resistors are explicitly
shown. It will be understood that a given resistor Ri of
the N resistors, R1 to RN, where 1≤i≤N, has resistance
Ri, for simplicity. That is, the notation Ri serves both to
label the resistor and represent its resistance.
[0006] One of the N resistors 10 is explicitly labelled
Ri in Figure 1, simply as an example useful for under-
standing aspects of the present invention later herein.
Although the resistor 10 is shown as being any one of
the N resistors between R2 and RN, it will be understood
later herein that considerations which apply to resistor
10 could apply to any of the N resistors so that it could
be considered representative of any of resistors R1 to RN.
[0007] The series connection of the N resistors is be-
tween nodes n0 and nN, which are the end nodes of a
series of nodes n0 to nN. Intermediate nodes n1 to nN-1
of the series are defined between adjacent resistors. For

example, node n1 is defined between resistors R1 and
R2, node n2 is defined between resistors R2 and R3, and
node ni of the series of nodes n0 to nN is defined between
resistors Ri and Ri+1 (for 1≤i<N). Again, merely as an
example, the nodes either side of resistor 10 are explicitly
labelled as ni-1 and ni in Figure 1.
[0008] It is assumed here for simplicity that all of the
N resistors have the same unit resistance R, such that
R=R1=R2=R3 and so on and so forth. Thus, as indicated
in Figure 1, an input voltage V0 applied between nodes
n0 and nN produces output voltages V0/N across each of
the N resistors. Put another way, and assuming that node
nN is biased to ground (GND), then an input voltage V0
applied at node n0 produces an output voltage V0/N at
node nN-1, an output voltage 2V0/N at node nN-2, and so
on and so forth. The voltage V0/N across a single unit
resistor of this voltage ladder configuration may be re-
ferred to as a voltage tap step, and is equal across each
resistor because they have the same unit resistance R.
[0009] Continuing the assumption that all of the N re-
sistors have the same resistance, a drawback of the volt-
age-divider circuit 1A is that to increase the output res-
olution by a factor M the number of resistors employed
needs to be increased by a factor M. For example, for
the voltage across each resistor to be V0/N/M, where
M≥2, the number of resistors N would need to be in-
creased by a factor of M such that there are M*N resistors
(if N=M, the number of resistors would have been
squared).
[0010] By way of example, Figure 3 presents a sche-
matic diagram of a previously-considered voltage-divider
circuit 3A (ignore the circuit 3B for now), corresponding
to the voltage-divider circuit 1A but expanded to comprise
M*N resistors.
[0011] The voltage-divider circuit 3A comprises M*N
resistors, R1 to RN*M, connected in series between nodes
n0 and nM*N, for consistency with voltage-divider circuit
1A of Figure 1. Again, it will be understood that a given
resistor Ri, where 1≤i≤N*M, has resistance Ri. For sim-
plicity, it is assumed that the resistors R1 to RN*M have
the same unit resistance as one another, being the unit
resistance R, and that the input voltage V0 is applied at
node n0. Further, the voltage-divider circuit 3A is shown
in Figure 3 in reduced form so that not all M*N resistors
are explicitly shown.
[0012] Thus, in Figure 3, an input voltage V0 applied
between nodes n0 and nM*N produces the desired output
voltages V0/N/M across each of the M*N resistors (equi-
distant voltage steps). Assuming that node nN*M is biased
to ground (GND), then an input voltage V0 applied at
node n0 produces an output voltage V0/N/M at node
nM*N-1, an output voltage 2V0/N/M at node nM*N-2, and
so on and so forth.
[0013] The M*N resistors of the voltage-divider circuit
3A are shown in Figure 3 as each falling within one of
Groups 1 to 3. The Group 2 resistors are a group of M
resistors (for convenience, denoted Ri to Ri+M) which re-
place one of the resistors of the voltage-divider circuit 1A
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to form the voltage-divider circuit 3A. Each of the other
resistors of the voltage-divider circuit 1A is also effective-
ly replaced with M resistors to form the voltage-divider
circuit 3A, those resistors falling into Group 1 or Group
3 depending on where in the voltage-divider circuit 3A
they exist. Thus, the Group 2 resistors are a group of M
resistors which replace one of the resistors of the voltage-
divider circuit 1A other than resistors R1 and RN to form
the voltage-divider circuit 3A. Again, for ease of under-
standing of aspects of the present invention later herein,
it can be assumed that the Group 2 resistors of the volt-
age-divider circuit 3A correspond to resistor 10 of volt-
age-divider circuit 1A.
[0014] Looking at the notation for the voltage-divider
circuit 3A in Figure 3, Group 1 comprises a linear string
with i-1 elements (resistors) connected at input node n0
(so, if i only increases to 1 in this Group it has no ele-
ments). Group 2 comprises a linear string with M ele-
ments at its input node (the node at the juncture between
Group 1 and Group 2). Group 3 comprises a linear string
with M*N-i-M=M*(N-1)-i elements connected at node
nM*N (so, if i=M*(N-1) this group has no elements). To-
gether, Groups 1 to 3 have N*M elements.
[0015] It can thus be more readily appreciated that in
Group 2 of Figure 3 output voltages V0/N/M are produced
across each of the resistors of the voltage-divider circuit
3A, with an output voltage V0/N produced across the se-
ries connection of M resistors which make up Group 2.
[0016] A disadvantage of requiring so many more re-
sistors (M*N compared to N) to increase the resolution
(decrease the voltage step size) of the output voltages
by a factor M has implications as concerned circuit area
required, and thus also cost, for example in the case of
integrated circuitry (e.g. provided on an IC chip).
[0017] For example, additional die area would be re-
quired for the additional resistors to achieve this factor
M increase in resolution, leading to a high number of
elements (resistors), high total die size and high layout
and production costs. This may lead to a complex resistor
network for non-integer divider voltage steps, especially,
if multiple lateral voltage taps are implemented along the
same resistor ladder. It may also be that re-adjustments
(each calibration using a resistor bank) become neces-
sary in practice. Further, if the resistor size is decreased
to try to save on die area, resistor matching precision will
be reduced, especially if the resistor area is reduced sig-
nificantly. Multiple voltage taps along the same resistor
ladder or re-adjustment may then also become more
complex.
[0018] It is desirable to address the above problems.
[0019] According to an embodiment of a first aspect of
the present invention there is provided a voltage-divider
circuit, comprising: a network of discrete resistors con-
nected (connectable or configured to be connected, con-
ductively) together to define T tiers of resistors, where
T≥2, the T tiers comprising first and subsequent tiers,
each subsequent tier nested within the preceding tier,
the Xth tier comprising at least one Xth-tier resistor where

X=1, and the Xth tier comprising at least two Xth-tier re-
sistors for each value of X in the range 2≤X≤T, wherein,
for each value of X in the range 1≤X<T,: each Xth-tier
resistor is connected between a pair of nodes of the volt-
age-divider circuit at which a relatively high voltage signal
and a relatively low voltage signal are provided, respec-
tively; at least one Xth-tier resistor is implemented as a
subdivision network of discrete resistors; and for each
Xth-tier resistor implemented as a subdivision network,
that subdivision network comprises a main resistor con-
nected in series with a corresponding auxiliary resistor,
that main resistor implemented as a base resistor con-
nected in parallel with a series connection of a plurality
of X+1th-tier resistors.
[0020] With such a voltage-divider circuit, it may be
possible to provide a high-precision (high resolution) volt-
age output at a node between adjacent series-connected
X+1th-tier resistors in an area-efficient (e.g. in terms of
the number of resistors, and the geometrical size of such
resistors) and design-efficient manner. For example,
where the nodes between adjacent first-tier resistors give
output voltages which fall either side of a desired output
voltage, a said subdivision network may be used to im-
plement one of those first-tier resistors to provide further
nodes one of which does give the desired output voltage.
[0021] For each subdivision network, the base resistor
may be connected between a pair of nodes of the voltage-
divider circuit along a base current path, and the X+1th-
tier resistors of that subdivision network may be connect-
ed in series between that pair of nodes along a series-
connection current path, those current paths being inde-
pendent of one another between the first and second
nodes. That is, the series connection of a plurality of
X+1th-tier resistors may be independent of the base re-
sistor except at the ends of that series connection.
[0022] The first tier may comprise at least two first-tier
resistors. The first-tier resistors may be connected in se-
ries between a pair of nodes of the voltage-divider circuit
at which a relatively high voltage signal and a relatively
low voltage signal are provided, respectively.
[0023] For at least one value of X in the range 1≤X<T,
at least two of the Xth-tier resistors may be implemented
as a subdivision network. That is, in any one tier at least
two of the resistors may be implemented as a subdivision
network. This enables such high-precision voltage out-
puts to be provided at multiple nodes in different regions
of the voltage-divider circuit.
[0024] It may be that T≥3, i.e. there may be at least
three resistor tiers. For each value of X in the range
1<X≤T, at least a plurality of the Xth-tier resistors may
be part of a subdivision network which implements one
of the X-1th-tier resistors. That is at least one subdivision
network may be nested within (or implement one of the
resistors of) another subdivision network. With each ad-
ditional tier provided in this way, ever higher precision
voltage outputs may be provided.
[0025] For at least one (up to each) said subdivision
network, its series connection of resistors may comprise
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S of those resistors and the auxiliary resistor may be
implemented as M resistors connected together in par-
allel. In such case, it may be that M≥2 and S≥2. The
values of M and/or S may be different from subdivision
network to subdivision network. The values of M and/or
S may be the same from subdivision network to subdivi-
sion network.
[0026] It may be that, for the at least one (up to each)
subdivision network,: the S resistors of its series connec-
tion of resistors all have the same resistance value; the
M resistors which implement its auxiliary resistor all have
the same resistance value; the S resistors of its series
connection of resistors and the M resistors which imple-
ment its auxiliary resistor all have the same resistance
value; or the base resistor, the S resistors of its series
connection of resistors and the M resistors which imple-
ment its auxiliary resistor all have the same resistance
value. Having the same resistance value may lead to
ease of design, good matching and high precision.
[0027] The voltage-divider circuit may be implemented
at board level, for example on a PCB (printed circuit
board). The voltage-divider circuit may be implemented
at package level, for example on a substrate of an IC
chip package.
[0028] The voltage-divider circuit may be implemented
as integrated circuitry, for example on an IC chip. For the
at least one (up to each) subdivision network, each of
the discrete resistors may be a polysilicon or diffusion or
other planar resistor. It may be that, for the at least one
(up to each) subdivision network,: the base resistor, the
S resistors of its series connection of resistors and the
M resistors which implement its auxiliary resistor all have
the same width and length as one another; the base re-
sistor and the S resistors of its series connection of re-
sistors have relatively large widths and lengths, and the
M resistors which implement its auxiliary resistor have
relatively small widths and lengths; the base resistor has
a relatively large width and length, and the S resistors of
its series connection of resistors and the M resistors
which implement its auxiliary resistor have relatively
small widths and lengths; or the base resistor has a rel-
atively large width and length, the S resistors of its series
connection of resistors have medium widths and lengths,
and the M resistors which implement its auxiliary resistor
have relatively small widths and lengths. Having the
same widths and lengths may lead to ease of design,
good matching and high precision. Having reduced
widths and lengths may lead to more area-efficient (and
thus cost-efficient) design.
[0029] For the at least one (up to each) said subdivision
network it may be that M≥3 and M=S+1. For the at least
one (up to each) said subdivision network it may be, ad-
ditionally or alternatively, that the resistor implemented
by that subdivision network has a resistance R, its aux-
iliary resistor has the resistance R/M, its base resistor
has the resistance R and its series connection of S re-
sistors has the resistance R*S.
[0030] For the at least one (up to each) said subdivision

network, the base resistor may have the same resistance
value as the resistance value of the resistor which that
subdivision network implements. Thus, each subdivision
network effectively replaces (in terms of design) the re-
sistor which it implements without affecting the voltages
at other nodes.
[0031] Some or all of said discrete resistors may have
the same resistance value as one another. The voltage-
divider circuit may be implemented as integrated circuit-
ry. Each of the discrete resistors may be a polysilicon or
diffusion or other planar resistor. Some or all of the dis-
crete resistors may have the same widths and lengths
as one another. Having the same resistance value may
lead to ease of design, good matching and high precision.
Having the same widths and lengths may lead to ease
of design, good matching and high precision.
[0032] For one, some or all of the discrete resistors of
the voltage-divider circuit, each of those discrete resis-
tors may be part of a respective or corresponding discrete
impedance or be connected in parallel with a correspond-
ing capacitor.
[0033] The variables T, M, N, S and X may be positive
integers.
[0034] According to an embodiment of a second aspect
of the present invention there is provided voltage-divider
circuitry, comprising at least two voltage-divider circuits
according to the aforementioned first aspect of the
present invention connected together.
[0035] According to an embodiment of a third aspect
of the present invention there is provided voltage regu-
lation circuitry, comprising a voltage-divider circuit ac-
cording to the aforementioned first aspect of the present
invention.
[0036] According to an embodiment of a fourth aspect
of the present invention there is provided analogue-to-
digital circuitry or digital-to-analogue circuitry, comprising
a voltage-divider circuit according to the aforementioned
first aspect of the present invention, or voltage-divider
circuitry according to the aforementioned second aspect
of the present invention, or voltage regulation circuitry
according to the aforementioned third aspect of the
present invention.
[0037] According to an embodiment of a fifth aspect of
the present invention there is provided integrated circuitry
comprising a voltage-divider circuit according to the
aforementioned first aspect of the present invention, or
voltage-divider circuitry according to the aforementioned
second aspect of the present invention, or voltage regu-
lation circuitry according to the aforementioned third as-
pect of the present invention, or analogue-to-digital cir-
cuitry or digital-to-analogue circuitry according to the
aforementioned fourth aspect of the present invention.
[0038] Reference will now be made, by way of exam-
ple, to the accompanying drawings, of which:

Figure 1 is a schematic diagram of a previously-con-
sidered voltage-divider circuit alongside voltage-di-
vider circuits embodying the present invention;
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Figure 2 is a schematic diagram of resistor networks
useful for understanding the Figure 1 embodiments;
Figure 3 is a schematic diagram of a previously-con-
sidered voltage-divider circuit alongside a voltage-
divider circuit embodying the present invention;
Figure 4 is a schematic diagram of an example re-
sistor for use in understanding its potential physical
implementation (layout) in integrated circuitry;
Figure 5 is a graph of simulated performances to
demonstrate the effect of varying resistor dimen-
sions;
Figure 6 is a schematic diagram of voltage-divider
circuits embodying the present invention;
Figure 7A is a schematic diagram of an example re-
sistor and Figure 7B is a schematic diagram of an
impedance comprising the resistor of Figure 7A;
Figure 8 is a schematic diagram of an analogue sup-
ply regulator circuit embodying the present inven-
tion;
Figure 9A is a schematic diagram of DAC or ADC
circuitry embodying the present invention and Figure
9B is a schematic diagram of integrated circuitry em-
bodying the present invention.

[0039] In order to allow ready comparison between em-
bodiments of the present invention and the voltage-di-
vider circuits 1A and 3A described above, the general
aim to increase the voltage resolution provided by volt-
age-divider circuit 1A of V0/N to V0/N//M as provided by
voltage-divider circuit 3A will be carried forwards. How-
ever, it will be appreciated that this is simply a convenient
example useful for better understanding the present in-
vention and its advantages.
[0040] By way of introduction, an overarching consid-
eration behind the disclosed embodiments is that the de-
sired resolution V0/N//M might not be required across the
whole of a voltage-divider circuit in any given application.
For example, looking at the voltage-divider circuit 1A of
Figure 1, it may be that the resolution V0/N//M is only
required within the voltage step V0/N across the resistor
10 explicitly labelled Ri (and this will be assumed here
as a running example).
[0041] Circuits 1B and 1C of Figure 1 embody the
present invention, and are to be considered in relation to
voltage-divider circuit 1A. The aim is to extend the given
linear resistor ladder (voltage-divider circuit 1A) with N
base resistors having unit resistance R by substitution of
a subdivision network of resistors (a new local circuit) for
a given one of the N resistors (in this example, resistor
10).
[0042] Circuit 1B is such a subdivision (or expansion)
network 1B of resistors, shown schematically. The sub-
division network 1B, as above, is intended to be substi-
tuted for a given one of the N resistors, here the resistor
10 explicitly denoted Ri, of the voltage-divider circuit 1A
of Figure 1, as indicated. However, the subdivision net-
work 1B could be substituted for any one of the N resistors
of the voltage-divider circuit 1A. Before considering the

subdivision network 1B in more detail, however, Figure
2 will first be considered.
[0043] Figure 2 is a schematic diagram showing equiv-
alent circuits 2A, 2B and 2C. The circuits 2A, 2B and 2C
are indicated in Figure 2 as being equivalent to one an-
other in that they have the same overall resistance as
one another.
[0044] The circuit 2A comprises the single resistor 10
in the voltage-divider circuit 1A, connected between cor-
responding explicitly-labelled nodes ni-1 and ni. The cir-
cuit 2A is thus effectively a portion of the voltage-divider
circuit 1A corresponding to resistor 10 (but could be taken
to correspond to any of the resistors R1 to RN).
[0045] The circuit 2B comprises a main resistor RM
connected in series with a corresponding auxiliary resis-
tor RA. The circuit 2B is equivalent to the circuit 2A in that
it has the same overall resistance, thus with Ri = RA+RM,
and could be substituted for the single resistor 10 in the
voltage-divider circuit 1A (or any of the N resistors R1 to
RN) without affecting the voltage division provided at the
nodes n0 to nN.
[0046] The circuit 2C is the same as the circuit 2B,
except that the main resistor RM is implemented as a
base resistor RB connected in parallel with a series con-
nection of a plurality of next-tier resistors RNT. The series
connection of next-tier resistors RNT may be considered
to have a combined resistance RS as indicated. The cir-
cuit 2C is equivalent to the circuits 2A and 2B in that it
has the same overall resistance and could be substituted
for the single resistor 10 (or any of the N resistors R1 to
RN) in the voltage-divider circuit 1A without affecting the
voltage division provided at the nodes n0 to nN.
[0047] At this juncture, the notion of "tiers" will be ex-
plained. In the context of the voltage-divider circuit 1A
the N resistors may be considered a first tier of resistors,
indicating that a first level of output voltage resolution is
provided over each of the N resistors, being V0/N as men-
tioned above. If the circuit 2C is substituted for the resistor
10 in the voltage-divider circuit 1A then a second (higher)
level of output voltage resolution is provided over each
of the next-tier resistors RNT, i.e. with a voltage over each
of the next-tier resistors RNT being less than V0/N. The
next-tier resistors RNT in the circuit 2C effectively form a
further tier of resistors, in this case a second tier (giving
the second level of output voltage resolution) given that
the resistor being replaced is a first-tier resistor.
[0048] The notion of tiers herein will be understood ac-
cordingly. For example, if a further circuit 2C were itself
to be substituted for one of the second-tier resistors (ef-
fectively nesting circuits 2C within one another) then a
third (higher) level of output voltage resolution may be
provided over each of the further next-tier resistors RNT
in that case. In this regard, the further next-tier resistors
RNT in the further circuit 2C form a third tier (giving a third
level of output voltage resolution) given that the resistor
being replaced in this case is a second-tier resistor.
[0049] Returning to Figure 1, the subdivision network
1B is schematically equivalent to the circuit 2C, in that it
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effectively comprises a main resistor connected in series
with a corresponding auxiliary resistor, that main resistor
implemented as a base resistor connected in parallel with
a series connection of a plurality of next-tier resistors.
However, the subdivision network 1B is (for reasons that
will become apparent) implemented out of discrete re-
sistors which each have the same unit resistance R as
each of the N resistors of the voltage-divider circuit 1A.
[0050] In detail, the auxiliary resistor of the subdivision
network 1B is implemented as a parallel connection of
M resistors denoted R’P1 to R’PM, which each have unit
resistance R, so that R=R’P1=R’P2 and so on and so forth.
This parallel connection of M resistors denoted R’P1 to
R’PM is referred to in Figure 1 as a Group P of resistors.
The base resistor of the subdivision network 1B is imple-
mented as a single resistor 10’ denoted R’i, which also
has the unit resistance R. The series connection of a
plurality of next-tier resistors in the subdivision network
1B is implemented as a series connection of M-1 resistors
denoted R’1 to R’M-1, which each have unit resistance R,
so that R=R’1=R’2 and so on and so forth. This series
connection of M-1 resistors denoted R’1 to R’M-1 is re-
ferred to in Figure 1 as a Group S of resistors.
[0051] It could thus be considered that the Group S of
resistors comprises a series connection of S resistors
where M=S+1. However, other arrangements of the sub-
division network 1B are envisaged where M and S are
independent integer variables, for example simply with
M≥2 and S≥2. For ease of understanding, however, the
relationship M=S+1 will be followed here for consistency.
[0052] The Group P parallel connection of M resistors
has an overall resistance of R’P = R/M and the Group S
series connection of M-1 resistors has an overall resist-
ance of R’S=(M-1)*R, as indicated in Figure 1. Thus, as-
suming that the subdivision network 1B is substituted for
the resistor 10 explicitly labelled Ri in the voltage-divider
circuit 1A, then the output voltage across the Group P
parallel connection of M resistors is V0/N/M and the out-
put voltage across each resistor of the Group S series
connection of M-1 resistors is also V0/N/M, as indicated
in Figure 1, giving the target output voltage resolution of
V0/N/M. This provides the target output voltage resolution
of V0/N/M within the voltage step V0/N across the resistor
10 in line with the running example. Effectively, the sub-
division network 1B creates a ’local’ resistor path (series
connection of M-1 resistors denoted R’1 to R’M-1) for rel-
atively small voltage step values which runs parallel to
the string of N resistors (one of which the subdivision
network 1B is substituted for).
[0053] It is noted here that, with the resistors R’1 to
R’M-1, R’P1 to R’PM and R’i all having the unit resistance
R, the overall resistance of the subdivision network 1B
is equal to the unit resistance R. Thus, the subdivision
network 1B is readily substituted for the resistor 10 in the
voltage-divider circuit 1A, which also has the unit resist-
ance R, without affecting the voltage division at other
nodes. In this regard, circuit 1C is a voltage-divider circuit
equivalent to the voltage-divider circuit 1A, shown sche-

matically. Specifically, as compared to the voltage-divid-
er circuit 1A, in the voltage-divider circuit 1C the subdi-
vision network 1B has been substituted for the resistor
10 explicitly labelled Ri. Interestingly, the resistor 10’ of
the subdivision network 1B and thus also of the voltage-
divider circuit 1C is effectively the same as the resistor
10 of the voltage-divider circuit 1A.
[0054] The voltage-divider circuit 1C has the same total
resistance of N*R as the voltage-divider circuit 1A at R=R’
and results in unchanged node voltages at unchanged
circuit parts, if all unit resistors have the same resistance
value R=R’. This equivalence between the voltage-divid-
er circuits 1A and 1C is improved if the "new" resistors
in the voltage-divider circuit 1C (as compared to 1A) are
laid out narrowly (in terms of circuit layout) for good phys-
ical matching and good voltage precision (as commented
on in more detail below).
[0055] The voltage-divider circuit 1C is a network of
discrete resistors organised into or connected together
to define T tiers of resistors, where T≥2, the T tiers com-
prising first and subsequent tiers, each subsequent tier
nested within the preceding tier. In the case of the volt-
age-divider circuit 1C, there are two tiers, i.e. T=2. The
first tier comprises the N resistors which correspond re-
spectively to the N resistors of the voltage-divider circuit
1A, those resistors being referred to as first-tier resistors.
Of course, one of those first-tier resistors (resistor 10 in
the running example) is implemented as the subdivision
network 1B. So the subdivision network 1B as provided
in the voltage-divider circuit 1C is in effect nested within
(or is equivalent to) the resistor 10. The second tier in
the voltage-divider circuit 1C comprises the series con-
nection of M-1 resistors denoted R’1 to R’M-1 taken from
the subdivision network 1B, those resistors being re-
ferred to here as second-tier resistors. In this sense, the
second tier is nested within the first tier.
[0056] The first tier may comprise at least one first-tier
resistor. For example, the subdivision network 1B is
equivalent to one of the first-tier resistors of the voltage-
divider circuit 1A in the case of Figure 1, but it could be
that the other first-tier resistors are omitted in other ar-
rangements. In effect, the subdivision network 1B could
be considered a voltage-divider circuit in itself.
[0057] The or each subsequent tier after the first tier
(i.e. the second and, if provided, third tier onwards) com-
prises at least two resistors comprising the series con-
nection of M-1 resistors denoted R’1 to R’M-1 of the cor-
responding subdivision network 1B creating the tier con-
cerned. Thus, effectively, in the case of the subdivision
network 1B, M>2. For each tier other than the last one,
at least one of the preceding-tier resistors is implemented
as a subdivision network of discrete resistors (for exam-
ple as a subdivision network 1B). In the case of the volt-
age-divider circuit 1C, where T=2, at least one of the first-
tier resistors is implemented as a subdivision network 1B.
[0058] Assuming that the output voltage resolution
V0/N/M is only needed where indicated in the voltage-
divider circuit 1C, i.e. in place of the resistor 10 as in the
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running example, then one advantage associated with
the voltage-divider circuit 1C as compared to the voltage-
divider circuit 3A is that fewer resistors are required
where N>1 and M>2. In some arrangements it may be
that N≥4 and M≥8. For example, whereas the voltage-
divider circuit 1A has N unit resistors (elements) and the
voltage-divider circuit 3A has N*M unit resistors, the volt-
age-divider circuit 1C has N+(2*M)-1 unit resistors. This
is because one of the N resistors in the voltage-divider
circuit 1A has effectively been replaced with the 2*M re-
sistors of the subdivision network 1B to arrive at the volt-
age-divider circuit 3A.
[0059] Circuit 3B of Figure 3 is voltage-divider circuit,
shown schematically, which is the same as the voltage-
divider circuit 1C. The voltage-divider circuit 3B has been
drawn alongside the voltage-divider circuit 3A to allow a
ready comparison between them, for example so that the
ability of the subdivision network 1B to provide the second
tier resistors R’1 to R’M-1 with output voltage resolution
V0/N/M is apparent, as is the difference in the number of
unit resistors between the two voltage-divider circuits
(N*M vs N+(2*M)-1). It is apparent that the subdivision
network 1B is scalable (i.e. the value M is a variable) and
is a reusable resistor ladder sub-mesh.
[0060] It is noted here that the advantage stemming
from a reduced number of resistors is dependent on the
values of N and M and the number of resistors of the
base voltage-divider circuit 1A over whose voltage step
V0/N the output voltage resolution of V0/N/M is to be
achieved. As above, in terms of the voltage-divider circuit
3A, each resistor of the voltage-divider circuit 1A is re-
placed with M resistors (hence M*N resistors in total). In
terms of the voltage-divider circuit 3B, each resistor of
the voltage-divider circuit 1A which is implemented as a
subdivision network 1B is replaced with 2*M resistors
(hence N+1(2*M)-1 resistors in total for one subdivision
network 1B, N+2(2*M)-2 for two subdivision networks 1B,
as so on and so forth). Of course, the value of M may be
different from one subdivision network 1B to the next, but
for the sake of argument M is assumed to have the same
value here for each subdivision network 1B. That is, each
subdivision network 1B adds 2*M-1 resistors as com-
pared to the resistor it replaces. Thus, for a reduced
number of resistors it may be desirable to set (N-
r+2rM)/NM < 1, where r is the number of resistors of the
voltage-divider circuit 1A implemented as a subdivision
network 1B.
[0061] Put another way, the saved area SA could be
calculated as SA=NM - (N+2rM-r). The proportional sav-
ing SA/NM could then be calculated as SA/NM = 1 - 1/M
- 2rN + r/NM to give a value between 0 and 1. If N and
M have high values and NM>>1, then this could be ap-
proximated to SA/NM = 1 - 1/M - 2r/N. For high r the
proportional saving SA/NM will still be high for r<<N.
[0062] Other advantages associated with the subdivi-
sion network 1B include accuracy and ease of design.
Effectively, M times smaller local voltage steps sizes
V0/N/M are achieved with significantly reduced imple-

mentation effort and die area at similar overall precision.
[0063] These advantages arise at least in part because
all of the resistors of the subdivision network 1B have the
unit resistance R as mentioned above, and thus can be
configured in the same way as one another (and as each
of the resistors of the voltage-divider circuit 1A). That is,
all of the resistors of the voltage-divider circuit 1C can be
configured in the same way as one another (which is
advantageous in terms of design ease and matching).
[0064] For example, in the case of integrated circuitry,
the resistors of the voltage-divider circuit 1C can be im-
plemented as polysilicon or diffusion resistors (or other
planar resistors) having the same geometric size as one
another (equal widths as one another, and also equal
lengths as one another), leading to good matching.
[0065] Figure 4 is a schematic diagram of an example
resistor 20 for use in understanding its potential physical
implementation (layout) in integrated circuitry. For exam-
ple, resistor 20 may be considered representative of any
of the resistors described herein or depicted in the other
Figures. Resistor 20 is shown both as a schematic sym-
bol (on the left-hand side) and effectively in plan layout
view (on the right-hand side).
[0066] Resistor 20 is has two metal pins or contacts,
PLUS and MINUS, which serve as its terminals. Resistor
20 is assumed to be produced in a lateral silicon process
e.g. as polysilicon-resistorwith length and width dimen-
sions as described above. The resistance is proportional
to length/width ratio. Multiple placement of equal ele-
ments (resistors) with same resistance value and size
have good physical matching and will result in a minimum
voltage precision error. Close (or narrow) placement of
such resistors will also minimise tracking and allow for
improved matching and good voltage precision.
[0067] It will be appreciated that one possibility, looking
at the subdivision network 1B, is to reduce the lengths
and widths (i.e. area) of the 2*M-1 resistors of Groups M
and P, as compared to the tier 1 resistors of the voltage-
divider circuit 1C, for example to save on die area. This
can be done while maintaining the length/width ratio to
keep the unit resistance R as described above. For ex-
ample, the currents flowing in each of the resistors of
Groups M and P will be lower than in the tier 1 resistors
of the voltage-divider circuit 1C. The parallel-connected
resistors of Group P will be less sensitive to resistance
variance (in terms of accuracy/precision of the voltages
in the voltage-divider circuit 1C) than the series-connect-
ed resistors of Group S. Thus, it may be possible to re-
duce the lengths and widths of the Group P resistors
more than the group S resistors whilst keeping to an ac-
ceptable level of precision of the voltages in the voltage-
divider circuit 1C.
[0068] Figure 5 is a graph of simulated performances
to demonstrate the effect of varying the resistor dimen-
sions in this way. Performance gain in terms of die size
area saving is demonstrated at four configurations of the
voltage-divider circuit 3B, configurations A to D, each rel-
ative to a base line case being the voltage-divider circuit
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3A of Figure 3 (being a ladder divider with N*M unit re-
sistors with a constant voltage tap step of V0/N/M). The
X axis represents values of M and the Y axis represents
percentage (%) die area saving. Thus, a graph repre-
senting the voltage-divider circuit 3A would fall along the
X axis itself (i.e. 0% die area saving).
[0069] The die size area saving function is calculated
at N=4, and with varying values of M as shown up to
M=10. In configuration A, all of the resistors of the volt-
age-divider circuit 3B have the same area, and thus the
ratio of tier 1 resistors to Group P resistors to Group S
resistors is 1:1:1, as indicated in the inset table. In con-
figuration B, just the Group P resistors are reduced in
area to give the corresponding ratio 1:1/4:1. In configu-
ration C, the Group P and Group S resistors are reduced
in area in the same way to give the corresponding ratio
1:1/4:1/4.. In configuration D, the Group P resistors are
reduced in area more than the Group S resistors to give
the corresponding ratio 1:1/16:1/4. Focus is placed on
the value M=8 in the following consideration of configu-
rations A to D as an example.
[0070] In configuration A, at M=8, the number of addi-
tional base resistors caused by adding the subdivision
network 1B is 2*M-1 = 15. If all resistors have the same
geometrical size, this will end in total 4 + 2*M-1 = 19 base
unit resistor elements in the voltage-divider circuit 3B,
and requires 13 fewer resistors than the equivalent volt-
age-divider circuit 3A. This is an area saving of 40.625%.
[0071] In configuration B, the area size-adaptive idea
is applied in Group P only. The structure of the voltage-
divider circuit 3B concerned is otherwise as in configu-
ration A. The parallel resistors of Group P are made 2
times smaller in width and two times smaller in length (to
keep the unit resistance R). The total width for Group P
is however equal or greater (at M≥2) than a first tier re-
sistor. With same unit resistance constraint (R’ =R), each
of the resistors of Group P is thus 4 times reduced in die-
area as compared to a first tier resistor. The area equiv-
alent of added unit resistors is now calculated as M/4 +
M-1 = 9. This leads to 4 + M/4 + M-1 = 13 unit resistor
area equivalents in total. This is an area saving of 59.4%.
[0072] In configuration C, the area size-adaptive idea
(with a factor 4 reduction) is applied equally in Groups P
and S. The structure of the voltage-divider circuit 3B con-
cerned is otherwise as in configuration A. The area equiv-
alent for added resistors is now calculated as (2*M-1)/4
= 3.75. This leads to 4 + (2*M-1)/4 = 7.75 unit base re-
sistor area equivalents in total. This is an area saving of
75.8%.
[0073] In configuration D, the area size-adaptive idea
is applied in Groups P and S (but with factor 4 reduction
in Group S and factor 16 reduction in Group P). The struc-
ture of the voltage-divider circuit 3B concerned is other-
wise as in configuration A. The area equivalent for added
resistors is now calculated as M/16 + (M-1)/4 = 3.75. This
leads to 4 + M/16 + (M-1)/4 = 6.25 unit resistor area equiv-
alents in total. This is an area saving of 80.5%.
[0074] The area size-adaptive idea demonstrated in

Figure 5 enables the geometric size of added new unit
resistors due to the subdivision network 1B to be reduced,
but without influencing the overall precision error signif-
icantly. Resistance precision is for example proportion
to sqrt(resistor area), and the reduction in area (and
hence effect on precision) is applied in the Figure 5 con-
figurations in only some of the resistors.
[0075] The different relative area sizes could be sum-
marised in terms of relative widths (with the lengths being
sized for the appropriate resistance value R), assuming
that in the voltage-divider circuit 3B all of the resistors
other than in Groups P and S (see subdivision network
1B) have width w0, all of the resistors in Group S have
width wS and all of the resistors in Group P have width
wP. In configuration A, the width relationship is
wP=wS=w0. In configuration B, the width relationship is
wP<wS=w0. In configuration C, the width relationship is
wP=wS<w0. In configuration D, the width relationship is
wP<wS<w0.
[0076] Figure 6 is a schematic diagram of voltage-di-
vider circuits 6A and 6B to demonstrate that the subdivi-
sion network 1B can be applied to the voltage-divider
circuit 1A in a multi-lateral manner (voltage-divider circuit
6A) and in a multi-hierarchical manner (voltage-divider
circuit 6B). Although the multi-lateral and multi-hierarchi-
cal ideas are thus shown separately, they can of course
be used in combination.
[0077] Focussing first on the multi-lateral idea, the idea
is to replace more than one unit base resistor of the volt-
age-divider circuit 1A with the subdivision network 1B to
give multiple high resolution tap regions within a single
resistor network. In the voltage-divider circuit 6A this has
been done to create two such regions, with the two sub-
division networks 1B regions being referred to as Groups
L1 and L2. This is a highly efficient way of creating two
such high resolution tap regions, without impacting other
voltage tap outputs as compared to the voltage-divider
circuit 1A in voltage shift or precision, and is highly area
efficient.
[0078] In the voltage-divider circuit 6A, the Group L1
may be considered equivalent to the subdivision network
1B in the voltage-divider circuit 1C or 3B and is thus de-
noted in the same way except that the value M is denoted
M’ to distinguish it from the value M for the Group L1
which is accordingly denoted M".
[0079] It is thus assumed that the subdivision network
1B corresponding to Group L1 replaces an arbitrary re-
sistor Ri of the voltage-divider circuit 1A and that the sub-
division network 1B corresponding to Group L2 replaces
an arbitrary resistor Rk of the voltage-divider circuit 1A,
to arrive at the voltage-divider circuit 6A. Thus, there may
be one, some or no resistors of the voltage-divider circuit
1A either side of the Groups L1 and L2.
[0080] The optionally different local voltage tap steps
are thus V0/N/M’ and V0/N/M", where M’ and M" are in-
dependent parameters (M’, M">2). An example of a first
tier voltage step is labelled, as are two example second
tier voltage steps (which could be different, e.g. if M’ and
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M" are not equal).
[0081] Of course, the area size-adaptive idea de-
scribed above may be applied in the voltage-divider cir-
cuit 6A. It may be considered that the number of addi-
tional unit resistors with optional smaller size is
2*(M’+M")-2. It may be considered that the number of
unit resistors is N + 2*(M’+M") - 2.
[0082] Focussing second on the multi-hierarchical
idea, the idea is to replace a unit base resistor R of the
voltage-divider circuit 1A with a first subdivision network
1B (to give second tier resistors in the Group S), then
replace one of the second tier Group S resistors of that
subdivision network 1B with a further (second) subdivi-
sion network 1B (to give third tier resistors in the Group
S), as so on and so forth.
[0083] This hierarchical recursion substitution is pos-
sible with more than two levels of subdivision (hence a
multi-hierarchical idea). This is a very die area efficient
(hence affecting layout and production costs) and sys-
tematic (hence affecting circuit regularity) way to achieve
very small voltage steps.
[0084] In the voltage-divider circuit 6B, two levels of
subdivision are shown by way of example. The first level
is similar to that which arrives at the voltage-divider circuit
3B giving a local voltage tap step of V0/N/M’ (where M is
denoted M’ to denote the first level of subdivision). One
of the Group S resistors of this first level of subdivision
is then replaced with a second subdivision network 1B
giving a local voltage tap step of V0/N/M’/M" (where the
second M is denoted M" to denote the second level of
subdivision). Thus, M" times smaller voltage tap steps of
V0/N/M’/M" are realised in the second level of subdivi-
sion, where M’ and M’ are independent parameters (M’,
M">2).
[0085] The optionally different local voltage tap steps
are thus V0/N/M’ and V0/N/M’/M", where M’ and M" are
independent parameters (M’, M">2). An example of a
first tier voltage step is labelled, as are example second
tier and third tier voltage steps.
[0086] Of course, the area size-adaptive idea de-
scribed above may be applied in the voltage-divider cir-
cuit 6B. It may be considered that the number of addi-
tional unit resistors with optional smaller size is
2*(M’+M")-2. It may be considered that the number of
unit resistors is N + 2*(M’+M") - 2.
[0087] It is thus assumed that the first subdivision net-
work 1B replaces an arbitrary resistor of the voltage-di-
vider circuit 3A. Thus, there may be one, some or no
resistors of the voltage-divider circuit 3A on either side
of the 1st subdivision box indicated in respect of the volt-
age-divider circuit 6B.
[0088] Figure 7A is a schematic diagram of an exam-
ple resistor 30 for comparative purposes. Resistor 30
may be considered representative of any of the resistors
described herein or depicted in the other Figures. Figure
7B is a schematic diagram of the example resistor 30 but
provided with a capacitor 40 connected in parallel with
it, to provide an RC combination 50. In any of the circuits

described above, any or all of the resistors could be re-
placed with the RC combination (i.e. impedance) 50, for
example where frequency response over a wide frequen-
cy range is required (such as in mixed-signal circuitry,
e.g. digital-to-analogue and analogue-to-digital convert-
ers). The present disclosure will be understood accord-
ingly.
[0089] Incidentally, in the description of e.g. the sub-
division network 1B and voltage-divider circuits 1C, 3B,
6A and 6B emphasis has been placed on the resistors
all having the unit resistance R with the benefits of inter
alia precision and ease of layout in mind. However, it will
be appreciated that such circuits could be provided in
which the resistors do not all have the same resistance.
Merely as an example, rather than providing M resistors
in parallel in the Group P of the subdivision network 1B
it would be possible to provide a single resistor having a
resistance which is the same as that of the parallel-con-
nection of the Group P resistors. Similarly, rather than
providing M-1 resistors in series in the Group S of the
subdivision network 1B it would be possible to provide a
pair of series-connected resistors with resistances set to
define a desired voltage level at the node between them.
Other examples of course exist, such as the number of
resistors in the Groups P and S of the subdivision network
1B not necessarily being M and M-1, respectively, but
independent numbers X and Y, where X≥1 and Y≥2. This
flexibility on resistance value and numbers of resistors
also extends to resistors other than those of a subdivision
network 1B.
[0090] In summary, an overall idea disclosed herein is
to employ an efficient architecture (subdivision network
1B) which is easy to implement, re-usable, interchange-
able and scalable. As above, each subdivision network
1B can be area optimized (in terms of die area, which
affects cost), by making the size of the Group P and/or
S resistors smaller than the base resistors to the extent
possible without significant lost precision. As in Figure 5,
the configuration D can for example allow the overall die
area to be reduced by over 80%. As in Figure 6, the sub-
division network 1B can be used more than once (at the
same tier level) in a single resistor ladder circuit such as
the voltage-divider circuit 6A to achieve more than one
local small voltage tap region, without affecting other re-
gions in absolute voltage or precision. Optimization is
possible in terms of the number as size of the voltage
steps in each of the local small voltage tap regions, and
in terms of the area sizes of the added resistors (i.e. of
the Groups P and S). As also in Figure 6, the subdivision
network 1B can be used more than once (at different tier
levels) to provide a very high precision voltage divider
such as the voltage-divider circuit 6B with very small volt-
age steps, with limited required design effort and with
limited die area (e.g. numbers of resistors). A combina-
tion of the multi-lateral and multi-hierarchical ideas may
be provided in a single resistor ladder network to provide
multi-voltage tapping in terms of individual voltage step
sizes, easy local adjusting options without affecting other

15 16 



EP 3 672 076 A1

10

5

10

15

20

25

30

35

40

45

50

55

voltage tap outputs, especially at very low voltage steps
(multi-hierarchical idea), and/or different precision at
each voltage tap. There are disclosed herein high preci-
sion, area-efficient matching resistive voltage dividers,
with size-adaptive, multi-lateral and/or multi-hierarchical
variants, with possibility of the addition of capacitors as
in Figure 7B.
[0091] It will be appreciated that the voltage-divider cir-
cuits of the present invention may find wide use in elec-
tronic circuits. For example, they may be applied in any
analogue circuit which requires a high precision DC out-
put voltage (or output voltage stable over frequency).
Other examples include analogue circuits with adjustable
outputs, e.g. amplifier based current-to-voltage convert-
ers, reference buffers or with gain adjustments in the
feedback loop.
[0092] One example use of a voltage-divider circuit ac-
cording to the present invention is for example in an an-
alogue supply regulator circuit. Figure 8 is a schematic
diagram of such an analogue supply regulator circuit
(voltage regulation circuitry) 60. It will be appreciated that
a voltage-divider circuit according to the present inven-
tion could be used to provide an accurate reference volt-
age Vref at the inverting input of the operational amplifier,
and/or in place of the series connection of the resistors
R1 and R2 to provide an accurate scaled version of the
voltage at node 62 at the non-inverting input of the op-
erational amplifier (i.e. controlling the voltage at node 64
based on an accurate ratio R1:R2). In this way, the rela-
tionship between currents I1, I2 and I3 can be accurately
controlled, to control the supply to the load. Such circuitry
could be used in an ADC or a DAC.
[0093] Figure 9A is a schematic diagram of DAC or
ADC circuitry 70 embodying the present invention. The
DAC or ADC circuitry 70 comprises the subdivision net-
work 1B or any of the voltage-divider circuits 1B, 1C, 3B,
6A, 6B described herein. The DAC or ADC circuitry 70
could be implemented as integrated circuitry, for example
as or as part of an IC chip. Figure 9B is a schematic
diagram of integrated circuitry 80 embodying the present
invention. The integrated circuitry 80 comprises the sub-
division network 1B or any of the voltage-divider circuits
1B, 1C, 3B, 6A, 6B described herein. The integrated cir-
cuitry 80 could be or be part of an IC chip.
[0094] Circuitry of the present invention may be imple-
mented as integrated circuitry, for example on an IC chip
such as flip chip. Thus, the DAC or ADC circuitry 70 or
integrated circuitry 80 may be an IC chip. The present
invention extends to integrated circuitry and IC chips as
mentioned above, circuit boards comprising such IC
chips, and communication networks (for example, inter-
net fiber-optic networks and wireless networks) and net-
work equipment of such networks, comprising such cir-
cuit boards.
[0095] The present invention may be embodied in
many different ways in the light of the above disclosure,
within the spirit and scope of the appended claims.

Claims

1. A voltage-divider circuit, comprising:

a network of discrete resistors connected to-
gether to define T tiers of resistors, where T≥2,
the T tiers comprising first and subsequent tiers,
each subsequent tier nested within the preced-
ing tier, the Xth tier comprising at least one Xth-
tier resistor where X=1, and the Xth tier com-
prising at least two Xth-tier resistors for each
value of X in the range 2≤X≤T,
wherein, for each value of X in the range 1≤X<T,:

each Xth-tier resistor is connected between
a pair of nodes of the voltage-divider circuit
at which a relatively high voltage signal and
a relatively low voltage signal are provided,
respectively;
at least one Xth-tier resistor is implemented
as a subdivision network of discrete resis-
tors; and
for each Xth-tier resistor implemented as a
subdivision network, that subdivision net-
work comprises a main resistor connected
in series with a corresponding auxiliary re-
sistor, that main resistor implemented as a
base resistor connected in parallel with a
series connection of a plurality of X+1th-tier
resistors.

2. The voltage-divider circuit as claimed in claim 1,
wherein:

the first tier comprises at least two first-tier re-
sistors; and
the first-tier resistors are connected in series be-
tween a pair of nodes of the voltage-divider cir-
cuit at which a relatively high voltage signal and
a relatively low voltage signal are provided, re-
spectively.

3. The voltage-divider circuit as claimed in claim 1 or
2, wherein for at least one value of X in the range
1≤X<T, at least two of the Xth-tier resistors are im-
plemented as a subdivision network.

4. The voltage-divider circuit as claimed in any of the
preceding claims, wherein:

T≥3; and
for each value of X in the range 1<X≤T, at least
a plurality of the Xth-tier resistors are part of a
subdivision network which implements one of
the X-1th-tier resistors.

5. The voltage-divider circuit as claimed in any of the
preceding claims, wherein, for at least one said sub-
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division network,:

its series connection of resistors comprises S of
those resistors;
the auxiliary resistor is implemented as M resis-
tors connected together in parallel; and
M≥2 and S≥2.

6. The voltage-divider circuit as claimed in claim 5,
wherein, for the at least one subdivision network,:

the S resistors of its series connection of resis-
tors all have the same resistance value;
the M resistors which implement its auxiliary re-
sistor all have the same resistance value;
the S resistors of its series connection of resis-
tors and the M resistors which implement its aux-
iliary resistor all have the same resistance value;
or
the base resistor, the S resistors of its series
connection of resistors and the M resistors which
implement its auxiliary resistor all have the same
resistance value.

7. The voltage-divider circuit as claimed in claim 5 or
6, implemented as integrated circuitry, wherein, for
the at least one subdivision network, each of the dis-
crete resistors is a polysilicon or diffusion or other
planar resistor, and, for the at least one subdivision
network,:

the base resistor, the S resistors of its series
connection of resistors and the M resistors which
implement its auxiliary resistor all have the same
width and length as one another;
the base resistor and the S resistors of its series
connection of resistors have relatively large
widths and lengths, and the M resistors which
implement its auxiliary resistor have relatively
small widths and lengths;
the base resistor has a relatively large width and
length, and the S resistors of its series connec-
tion of resistors and the M resistors which im-
plement its auxiliary resistor have relatively
small widths and lengths; or
the base resistor has a relatively large width and
length, the S resistors of its series connection
of resistors have medium widths and lengths,
and the M resistors which implement its auxiliary
resistor have relatively small widths and lengths.

8. The voltage-divider circuit as claimed in any of claims
5 to 7, wherein, for the at least one said subdivision
network,:

M≥3 and M=S+1; and/or
where the resistor implemented by that subdivi-
sion network has a resistance R, its auxiliary re-

sistor has the resistance R/M, its base resistor
has the resistance R and its series connection
of S resistors has the resistance R*S.

9. The voltage-divider circuit as claimed in any of claims
5 to 8, wherein, for the at least one said subdivision
network,:

the base resistor has the same resistance value
as the resistance value of the resistor which that
subdivision network implements.

10. The voltage-divider circuit as claimed in any of the
preceding claims, wherein:

some or all of said discrete resistors have the
same resistance value as one another; and/or
the voltage-divider circuit is implemented as in-
tegrated circuitry, each of said discrete resistors
is a polysilicon or diffusion or other planar resis-
tor, and some or all of said discrete resistors
have the same widths and lengths as one an-
other.

11. The voltage-divider circuit as claimed in any of the
preceding claims, wherein for one, some or all of the
discrete resistors of the voltage-divider circuit, each
of those discrete resistors is part of a discrete im-
pedance or connected in parallel with a correspond-
ing capacitor.

12. Voltage-divider circuitry, comprising at least two volt-
age-divider circuits as claimed in any of the preced-
ing claims connected together.

13. Voltage regulation circuitry, comprising the voltage-
divider circuit as claimed in any of claims 1 to 11.

14. Analogue-to-digital circuitry or digital-to-analogue
circuitry, comprising the voltage-divider circuit as
claimed in any of claims 1 to 11, or the voltage-divider
circuitry of claim 12, or the voltage regulation circuitry
of claim 13.

15. Integrated circuitry comprising the voltage-divider
circuit as claimed in any of claims 1 to 11, or the
voltage-divider circuitry of claim 12, or the voltage
regulation circuitry of claim 13, or the analogue-to-
digital circuitry or digital-to-analogue circuitry of
claim 14.
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